Hayashi's Quantification II is a method of multivariate discrimination analysis to manipulate attribute data as predictor variables. It is very useful in the medical research field for estimation, diagnosis, prognosis, evaluation ofepidemiological factors, and other problems based on multiplicity of attribute data. In Japan, this method is so well known that most of the computer program packages include the Hayashi Quantification, but it seems to be yet unfamiliar with the method for researchers outside Japan.
Introduction
An epidemiological study is essential when in the association between a human disease and an etiological factor is of interest. It is ideal for handling etiology of infectious diseases. The situation is much more complicated in the developed countries where heart attack, cancer, stroke, and other chronic diseases are dominant. Diagnosis, the recognition of a disease, becomes an estimation problem and in many cases requires follow-up observations to confirm a prognosis. In other words, there is considerable informations involved, and usually no one datum is strong enough to explain the matter by itself. So the situation is always multivariate. Moreover many of them are attributes. Some of them are barely measured only by qualitative categories.
To manipulate such a situation, Hayashi proposed a set of statistical methods, namely, Hayashi's Quantification I, II, III, and IV. We would like to confine ourselves to the Quantification II in this paper, because it is expected to have the widest application.
It will not be unfair to say that the quantification methods introduced by well available at the disposal of statisticians outside Japan. Perusal of the program ofjoint meetings of the American Statistical Association, the Biometric Society, ENAR and WNAR, Institute of Mathematical Statistics, in August 1978 gives us an impression that some in Social Statistics Section of ASA might be familiar with the methods, and there is enough convincing indication that his name is entirely ignored or unknown to those in biometrics.
In Japan, Hayashi's methods of quantification are so well known and their computer programs are so widespread that most of the program packages, which include factor analysis, principal component analysis, also have methods of quantification. Some biometricians may argue that factor analysis is merely a seemingly sophisticated method of expressing complex realities and its only justification is that the outcome of the analysis often coincides with prior knowledge, and speculation or indication remains as it was even after tedious analyses. They may argue further that it is not capable of offering any scientific evidence but merely rhetorics in terms of matrix and vectors. The same could be applied to the quantification methods. This is one of the reasons why many Japanese mathematically minded statisticians have shied away from the quantification methods.
It should not be ignored, however, that the quantification methods offer some knowledge about a set 44 cases with benign depressed lesions. All of those 76 cases had received gastrocamera examination, and were histologically proved. His purpose was to discriminate those two groups by using 22 gastrocamera findings. Under the assumption of linear regression equation, he maximized the multiple correlation coefficient, where he assigned a +1 score to a cancer case and a -1 score to a benign case. Solving the linear simultaneous equations, he obtained the optimal scores for the 22 gastrocamera findings as shown in Table 1 .
According to his criteria, shown in Table 1 , he succeeded to differentiate all 76 cases correctly. Then he applied that method to another 50 histologically proved cases, and obtained the correct diagnosis in 49 cases.
The result is very beautiful, but the readers would be a little confused as far as Quantification II is concerned. First, the author clearly referred to the Hayashi Quantification method, and stated that he would maximize the multiple correlation coefficient, as in the Quantification I, in spite of the fact that his external criterion was qualitative. Quantification I and II are equivalent if the external criterion is zero -one type which has not been documented in any of the literatures. Secondly, he initially calculated the scores only when the findings existed, and so a zero score would be implicitly assigned when it does not exist, but it does not imply that zero score should be assigned in case of unconfirmed nonexistence. The unconfirmed case is nothing but a case of a missing value, and he proposed to substitute an estimated population mean. This is an interesting proposal, subject to further assessments.
Hamada (2) explains the method just as a linear discriminant function, and there is no comment about the Hayashi Quantification. The method of describing the results, however, is completely similar to the method of Quantification II.
Hiraoka (3) applies Quantification II, the Quantification III, and the Bayes' Theorem. Then he evaluates the results by using the Lusted "Receiver Operating Characteristic Curve" (21) . This illustration is quite convenient to us for the comparison of discrimination procedures.
In the next two reports (4) (5), authors manipulate two kinds of predictor variables mixed, one is an attribute, another is a measurement classified into several categories. Kitazawa (4) assigns six stages of glaucoma into his criterion variable, and calls his method "categorical canonical discriminant analysis." In spite of all the confusion in nomenclature and shown in Table 2 ; 71% of cases could be differprogram packages, the percentages of correct differentiated correctly.
entiation or classification are impressively high. Al- though these percentages are generally based on an internal sample, Hirokado's findings (1) based on an external sample or an additional independent sample, are encouraging. This is the reason why Quantification II enjoys warm acceptance in the Japanese medical community. Kawagoe (6) presented a very unique application of Quantification II to the differential diagnosis of congenital heart diseases with shunt, because all of his predictor variables are measurements from the dye dilution curve. The usual procedure is to use linear discriminant function after making some transformations on variables. There is no statement why Quantification II is preferable to the linear discriminant function itself.
Prediction
Prediction is, in a sense, an inverse application of discrimination, and Quantification II is also useful in prediction. Prognosis is a medical expression of a special case of prediction. Its medical definition would be a forecast as to the probable results of an attack of disease. Six reports (7) (8) (9) (10) (11) (12) will be introduced here in this respect.
Three reports (7) (8) (9) of these are the same type of study, dealing with the prognosis of heart attack. For example, Kato (9) According to his criterion, occurrence of heart attack in 87% of cases could be predictable.
Since Kobayashi (7, 8) and Kato (9) belong to the same research group, they must have used the same 134 statistical procedure, in other words, the same computer program. Kato describes the method fairly in detail. In these studies, "the terminology normalization of category score" is used in a different sense. Usually the term, normalization, means to let the mean equal zero and the variance equal one, but Kato treated only the former condition. This might be the reason why they obtained quite large category scores in the several categories. Also his report offers another problem of nomenclature as follows. Tanaka (20) , indicated that the principle of the Quantification II is to maximize the correlation ratio or the between-groups variation relative to the total variation. Kato (9) uses the term, "correlation ratio," as the square root of the Tanaka's correlation ratio, and he calls the Tanaka's correlation ratio "discrimination efficiency." Again methodological and terminological uniformity would be needed.
In obstetrics, predicting a prolonged labor, Kubo (10) applies the Quantification II to the two sets of samples, one for primipara the other for multipara. Scores for multiparas are about ten times those for primiparas in each category. We wonder if any reasonable medical interpretation exists. It seems to us those for multipara have usual values according to our experience with the Quantification II. Also Kitazawa (4) presented much smaller category scores than Kubo's primipara. In this case, the numerator might have been divided by variance itself instead of the standard deviation.
Two papers by Komazawa (11) and (12) deal with the same study. One is a complete report of his work (12) , but a set of category scores, however, is described in the other paper (11) . He utilized data on 41,866 persons from a mass screening program for arteriosclerotic diseases to predict the onset of the diseases within one year later. He observed 53 cases ofmyocardial infarction, 44 cases of angina pectoris, 71 cases of cerebral infarction, and 31 cases of cerebral hemorrhage after one year observation. He drew a sample of size 215 as control matched by sex and age to the 199 disease cases. After preliminary analysis by Quantification II on 199 pairs and 41,667 persons he performed two kinds of analyses; first, he worked out a prediction of onset or not, secondly, predicting which disease of four was likely, both on the samples of size 199 and 215.
The optimal category scores he obtained are shown in Table 5 . In his second analysis, cases were classified in three-dimensional space, then he found that the first axis discriminated cerebrovascular diseases and cardiovascular diseases, the second axis divided cerebral infarction from cerebral hemorrhage, both in high accuracy, but, the third axis The purpose and method of two reports (13, 14) , are quite similar, both applying sequential analysis and Quantification II. Reference is made to two English articles (22, 23) and some expository papers in the Japanese medical journals and these are only to sequential analysis, showing the adequate reference in quantification is nonexistent in the Japanese medical community. They investigated what kind of symptom was really controllable by the specified drug. They evaluate it by using partial correlation coefficients between the external criterion, either drug or placebo, and the estimated criterion variable by Quantification II.
Watanabe (14) Table 6 . He concluded the drug was effective in improving vestibular dysfunction, nausea, deafness, and stiff shoulder. His conclusion is based on a kind of intuitive judgement about the relative magnitudes in partial correlations. Some readers may feel uneasy about the fact that for the value of partial correlation no physically recognizable model or phenomenon exists. It may well be much easier to consider the percentage of correct differentiation or classification. The categorical scores are so adjusted that the mean of the scores in each item is zero, but not normalized, and this is called standardized score.
There are three reports (15) (16) (17) in regard to the healing ofgastric ulcer. One report (16) is practically an English edition of a previous one (15) , and only one medical application is written in English. But, as far as Quantification II is concerned, its description is not so systematic as Komazawa's (12) . Nakajima (16) table of the category scores in his paper. Table 7 is constructed from his data as far as possible. He found the site of the ulcer to be the most important factor influencing the healing of the ulcer. He did not normalize the category scores, and evaluated the factors using its range. Some different terminologies are used as indicated in Table 7 . Ida (17) deals with the same kind of study. He also evaluated factors using the range of the category scores. But, in his case, the category scores had been normalized.
The final two reports reviewed here (18, 19) may be quite interesting subjects, because of the typical direct approach to the evaluation of epidemiological factors using the Quantification II. Yanai (18) Table 8 . In this case, scores are normalized so that the comparisons between age groups were possible.
The findings include, among others, that the range of scores in occupation hazard increases with age whereas the range in income decreases, and that the Professor G. Iwata (25) (31) . He reviewed a large number of works: his paper refers to 84 Japanese articles and 23 English articles, both including his papers, and we cite his paper in an English periodical journal (32) .
As reviewed above, some Japanese are ambitiously striving to establish a new scientific discipline, with a gigantic scheme and an expansive philosophy. Another aspect of this Society is that it attracts a number of medical scientists interested in mathematical sciences, and has organized a number of sessions in its annual and occasional meetings. The terminology "mathematical" above is used in much larger context than it is used in the statement of the purpose of the Biometric Society. Indeed Professor H. Abe, a member ofeditorial board of Computer and Biomedical Research, and his colleagues are contributing a paper (33) . It co-sponsored an International Conference on Cybernetics and Society, Nov. [3] [4] [5] [6] [7] 1978 . Tokyo & Kyoto, and a number of members including medical scientists presented papers. What will emerge out of the activities of the Behaviormetric Society is to be seen, but whatever it may be it is certain that the terminology "biostatistics" is and will be of different flavor in the U.S. and in Japan.
The mathematical structure of Hayash 's method is widely known, and medical application of his second method is regarded as a minor subject in Japan, but reference sources injournals easily accessible by medical reserach workers are missing. The publications of research achievements are not very easy. Komazawa's article (34) is perhaps the only expository paper in English. One of the authors, as an organizer of the conference, wishes that this article along with that of Tanaka (20) will initiate dialogues in the community of biostatisticians in Japan and the United States, namely criticisms, assessments, and further developments.
